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(54) Tide: AN UNDERWATER ELECTOOSURGICAL INSTRUMENT 
(57) Abstract 

An electrosurgical instroment, which is used for 
the treatment of tissue in the presence of an electricallv- 
conduciivc fluid medium, comprises an instrument shaft 
(10), and an elecuode assembly (12) at one end of the 
shaft. The electrode assembly (12) comprises a tissue 
S«n ''"^'T^L^) ««« » -^n™ electrtxJe ( 18) which is 
electncally insuUied from the tissue treatment electrode by 
» *«"J»tion member (16). TT« tissue treatment 
electrode (14) i$ exposed at the distal end ponion of the 
instrument (10). and the return electrode (18) has a fluid 
contact surface spaced proximally from the exposed end 
M a\ -rJI""' ""5^ electrode by the insulation member 
(16). The exposed end of the Ussue treatment electrode (14) 
IS consuniied by a plurality of tissue treatment filamentary 
members made of an electrically.<onductive material 
the filamentary members being electrically connected to a 
common electrical supply conductor. 
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AN UNDERWATER ELECTROSURGICAL INSTRUMENT 



This invention reiaies to an eiectrosurgicai instrument for the treatment of tissue in the 
presence of an eiectricaUy conductive fluid medium, to eiectrosurgicai apparatus including 
5 such an instrument, and to an electrode unit for use in such an instrument. 

Endoscopic electrosurgery is useful for treating tissue in cavities of the body, and is 
noimaUy peribnned in the presence of a distension medium. When the distension medium 
is a Bquid. this is commonly referred to as underwater electrosurgery, this term denoting 
dectrosurgeiy in which living tissue is treated using an eiectrosurgicai instrument with a 
10 treatment electrode or electrodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medium would be unsuitable, as 
is often the case in laparoscopic or gastroenterolo^cai surgery. 

15 Underwater surgery is commonly perfbrtned using endoscopic techniques, in which the 
endoscope itself may provide a conduit (connnoniy refetred to as a working channel) for 
thepassaaeofanelectrode. Alternatively, the endoscope may be spedficaUy adapted (as 
in a resectoscope) to include means for mourning an electrode, or the electrode may be 
imroduced into a body cavity via a separate access means at an angle with respect to the 
•^0 endoscope - a technique commonly referred to as triangulation. These variations m 
technique can be subdivided by surgical speciality, where one or other of the techmques 
has oanicuiar advantages given the access route to the specific body cavity. Endoscopes 
with integral working chamtels, or those charaaerised as resettoscopes. are generally 
emploved when the body cavity may be accessed through a natural opening - such as the 
75 ceivicai canal to access the endometrial cavity of the utems, or the urethra to access the 
prostate dand and the bladder. Endoscopes specificaUy designed for use m the 
emiometrial cavitv are referred to as hysteroscopes. and those designed for use m the 
urinarv traa inchxde cystoscopes, urethroscopes and reseaoscopes. The procedures of 
rn^sar^ resecnon or vaporisanon of the prostate gland are known as TURP and EVAP 
30 respeaivehr When there is no namral body opening through which an endoscope may be 
passed, the technique of triangulation is commonly employed. Triangulation is commonly 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



wo 97/24994 

PCIVGB97/00066 " 



used during underwater endoscopic surgery on joint cavities such as the knee and the 
shoulder The endoscope used in these procedures is commonly referred to as an 
annroscope. 

5 Eiectrosurgery is usually carried out using either a monopolar insirumem or a bipolar 
instrument. With monopolar electrosu^ery, an active electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. With thii 
anangemem. currem passes from the active electrode through the patient's tissues to the 
external return plate. Since the patient represents a significant portion of the circuit, input 

10 power levels haveto be high (typically 1 50 to 250 watts), to compensate for the resistive 
currem limitmg of the patient's tissues and. in the case of underwater eiectrosurgery, 
power losses due to the fluid medium which is rendered partially conductive by the 
presence of blood or other body fluids. Using high power with a monopolar airangement 
is also hazardous, due to the tissue heating that occurs at the return plate, which can cause 

15 severe skin bums. There is also the risk of capadtive couplmg between the instnmient and 
patient tissues at the entry point imo the body cavity. 



With bipolar eiectrosurgery. a pair of electrodes (an active electrode and a reiuni 

electrode) are used together at the tissue appUcation site. This anangemem has 
20 advantages from the safety standpoint, due to the relative proximity of the two electrodes 

so that radio frequency currents are limited to the region between the electrodes. 

However, the depth of effea is directly related to the distance between the two electrodes; 

and, in appUcations requiring very smaU electrodes, the imer-elecirode spacing becomes 

very small thereby Kmhing tissue eflfeci and output power. Spacing the electrodes fiuther 
25 apan wodd often obscure vision of the appBcation site, and would require a modification 

in surgical tedinique to ensure correct contact of both electrodes vwth tissue. 

There are a number of variations to the basic design of the bipolar probe. For example, 
U.S. Patent Specification No. 4706667 describes one of the fimdamemals of the design. 
30 namely dm the ratio of the comaa areas of the renim electrode and of the active electrode 
IS greater than 7; 1 and smaUer than 20: 1 for cutting purposes. This range relates only to 
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culling electrode configuraiions. When a bipolar insirumem is used for desiccation or 
coagulation, the ratio of the contact areas of the two electrodes may be reduced to 
approximately 1 : 1 to avoid differential electrical stresses occurring at the contaa between 
the tissue and the electrodes. 

5 

The dectricai junction between the return electrode and tissue can be supported by wetting 
of the tissue by a conductive solution such as normal saline. This ensures that the surgical 
e&a is limited to the needle or active electrode, with the electric circuit between the two 
electrodes being completed by the tissue. One of the obvious limitations with the design 
10 is thai the needle must be completely buried in the tissue to enable the return electrode to 
complete the circuit. Ajiother problem is one of the orientation: even a relatively small 
change in application angle from the ideal perpendicular contact with respect to the tissue 
suifece, wiU change the contaa area ratio, so that a surgical effect can occur in the tissue 
in contaa with the return electrode. 

15 

Cavity distension provides space for gaining access to the operation site, to improve 
visualisadoa and to aUow for manipulation of instiuments. In low volume body ca:vities. 
particularly where it is desirable to distend the oivity under higher pressure, liquid rathw 
than gas is more commonly used due to better optioii chaiaaeristics, and because it 
20 washes blood away from the operative site. 

Convemionai underwater eiectrosursery has been performed using a non-conductive Uquid 
(such as 1.5% glycine) as an irrigant. or as a distension medium to eliminate elecincal 
conduaion losses. Glycine is used in isotonic concemrations to prevent osmotic changes 
25 in die blood when mtra-vascular absorption occurs. In the course of an operation, veins 

may be severed, with resultant infusion of the Uquid into the circulation, which could cause. 

among other things, a dUution of serum sodium which can lead to a condition known as 

water intoxication. 

30 The applicants have found that it is possible to use a conductive Uquid medium, such as 
normal saline, in underwater endoscopic electrosurgery in place of non-conductive. 
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electrolyie-free solutions. Normal saline is the preferred distension medium m underwater 
endoscopic surgery when eiecirosureery is not contemplated, or a non-eiecirical tissue 
enfect such as laser treatment is beine used. Although normal saline (0.9%w/v. 1 50mmol/l) 
has an electrical conductivity somewhat greater than that of most body tissue, it has the 
5 advantage that displacement by absorption or extravasation from the operative site 
produces little physiological effect, and the so-called water intoxication effects of non- 
conductive, eiearolyte-free solutions are avoided. 

Carbon dioxide is the preferred gaseous distension medium, primarily because of its non- 
1 0 toxic nature and high water solubility. 

In endoscopic procedures in which the distension medmm is a gas, the appUcants have 
found that it is possible to use an electrically-conductive gas (such as argon) in place of 
carbon dioxide. Argon is conductive when excited into a discharge state, and has been 
1 5 employed in both endoscopic and conventional monopolar electrosurgery as a method of 
increasing the distance between the tissue and the insnument. by providing a conductive 
path between the two when high voltage electrosurgical ouputs such as spray or Mgurate 
are being used. The high voltages used in this appUcation result in a very low penetration 
of the electrosurgical efFea into the tissue, making the technique only suitable to control 
20 bleeding from multiple small blood vessels. This allows the surgeon to stanch bleeding 
from multiple sites m a surgical wound using a rapid "pamting" technique, rather than 
applying electrosurgery to each individual bleeding site. The argon gas is deUvered 
through a hollow surgical instrument, and passes over the monopolar electrode exposed 
at the tip of the instrument as a stream. This produces a region at the operative site which 
25 isiichinargon,andwhichcontributestothedistensionofthe body cavity. Highvohage 
monopolar electrosurgical outputs are undesirable in endoscopic surgery, because of the 
risks of damaging structures outside the field of vision, by either capacitive or direa 
coupling to a portion of the instrument remote from the operative site often outside the 
field of viaon of the operator. 

30 
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The appiicams have developed a bipolar insuument suitable for underwater eiectrosurgcry 
using a conduaive liquid or gaseous medhim. This electrbsurgical instrument for the 
ireaimem of tissue in the presence of a fluid mediunn comprises an instrument body having 
a handpiece and an instrument shaft and an electrode assembly, at one end of the shaft. 
5 The dectrode assembly comprises a tissue treatment electrode which is exposed at the 
extreme cfistal end of the instrument, and a return electrode which is electrically insulated 
from the tissue treatmem electrode and has a fluid contact surface spaced proximaily from 
the exposed pan of the tissue treatment electrode. In use of the instrument, the tissue 
treatment decirode is applied to the tissue to be treated whilst the return electrode, beii^ 
10 spaced proximaily fi-om the exposed pan of the tissue treatmem electrode, is normally 
spaced from the tissue and serves to complete an electrosurgical current loop nt)m the 
tissue treatment electrode through the tissue and the fluid medium. This electrosurgical 
instrument is described in the specification of the appBcants' co-pending British Patent 
Application No. 9512889.8. 

The electrode smicture of this instrument, in combination with an electrically conductive 
fluid medium largely avoids the problems experienced with monopolar or bipolar 
electrosurgery. In particular, input power levels are much lower than those generally 
necessary with a monopolar arrangement (typicaUy 1 00 watts). Moreover, because of the 
20 relatively large spacing between its electrodes, an improved depth of effect is obtamed 
compared with conventional bipolar arrangemem. 

The aim of the invention is to provide an improved decirosurgical instmment of this type. 

25 The presem invention provides an electrosurgical instniment for the treatment of tissue in 
the presence of an electricaUy-conductive fluid medium, the instrement comprising an 
instiumem shaft, and an electrode assembly at one end of the shaft, the electrode assembly 
comprising a tissue treatmem elearode and a remm electrode which is electrically 
insulated fiom the tissue oeaimem electrode by means of an insulation member, the tissue 

30 treatment electrode being exposed at the distal end portion of the instmmem. and the 
return deaiode having a fluid contaa surfece spaced proxiinaOy from the exposed end of 
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the ussue treaunent electrode by the msuiation member, wherem the exposed end of the 
ussue treatment eiectrode .s constituted by a pluraiity of tissue treatmem filamentaiy 
.embers made of an eiectncaliy-conductive material the filamentary members bemg 
electricaUy connected to a common eieciricai supply conduaor. 

' The return electrode is spaced from the tissue treatment electrode so that, in use, it does 
not contaa the tissue to be treated, and so that the electrical circuit is always completed 
bv the conductive fluid, and not sm.ply by arcing between the elearodes. Indeed, the 
a;n««cment is such that arcxng between the ad^acem pans of the electrode assembly « 

10 avoided, therebv ensuring that the t.ssue treatment electrode can become enveloped m a 
vapour pocket so that tissue entering the vapour pocket becomes the preferreo path for 
current to flow back to the return electrode via the conductive fluid. 

The electrosur^icai instrument of the invention . usefiU for dissection, resection, 
15 vaporisanon, d^iccarion and coagulation of tis^e and combinations of these flmcuons 
withpanicularapplicaiioninhystcrosccn,icsurgicalproc^^^^ Hysteroscoptc op^aave 
p^occduresm-vinchuie: of subn^cosaifibrdd. polyps atuim^gnamneopl^^ 

ILuon of congenital uterine anomalys such as septum or subseptum oivtsion of 
synechiae (adhesiolysis); ablation of diseased or hypertrophic endometnal ussue; and 
20 haemostasis. 

T., in™ of .he is .ho useM for dU^caon. v.p^ 

.ppUcao. in anhrosccpic surge., .s U P«-ns » «doscop« and 

p^rn., incuse, pani. o. — 
30 L»c.o»yandsuh.cro™aiaecon.pr.«iooof*.d«»-d.r,o««;.mcnor«l^ 
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Wm.,nicuiar adhKmns. &«ure and tendon debrid«n=ni as applied to any of the synovial 
joints of the bodv. inducing tltcnnal stoirtcage of joint capsules as a treatment for rectttiem 
disiocarion. subluxatiDn or repetitive stress injury to any arnculated joint of the body; 
dUec«,n.v either in .he treKmem of disc proipas. or as part of a spmai fusion v,a a 
5 postehor or «nerior approach to the cervicaL thoracic and lumbar spine or any other 
fibrous joint for similar purposes; exdsioh of diseased tissue: and haemosutsts. 

The insmmten, of *e invetmon is also usefcl for dissection, resection, vaporisation. 
d«icc«ion and coamlarion of .issue and combinaiions of *ese iuncnons »i.h pamcuhr 
,0 aopiic«ion to urological «.doscopic (urohroscopy. cy,u>scopy. ureteroscopy and 
nenhroscopv, and percutaneous su^ Urological proc«iur.s may include; eleoro- 
vaoonsation of the prosute gland (EVAP) and o*er v«ian« of U,e procedure com.no.ly 
^cierred to as transur«hral resecuon of the prosm. (TURP) induding. bu. no. hm««l ». 
..erstitial ablauon of the prosm. gland by a percmaneous or penaredtral route wh«her 
,5 perfonned for betugn or malignam disease; «ansur«hr- or p-cu^neousres^o^ 

^ ™. tumours as they may arise as primly « secondary n«.9..-» 
they may arise anywhere in the urological .,ac.»om*ec.l,c.sof*elcuin.y.o.h. 
vernal ureU^al measus; division of stHcture, as *e, ma, ..is. a. P»™^ 
junction (PUD. ure^r. ureteral onfice. bladd^ nedc or ur«hr.: con«.on of ure.erocode 
,0 si^ut,^ of bladder dtventcular; cystoplasry procedures as they per«in .o correc^ 
' voiding dysfimcuo* dtermally mduced shnn^age of peivc floor as a correcuv. treannen. 
for bl«lder nedc desc«.c excision of diseased tissue; and ha^nostasa. 

Surpcalp^cedureausingtheinsmnn^t of *e invention indude introduing tite de«od. 
,5 ,^,oti«su,gic-sit.U.roughana.tiflcialconduit,acan™la,orthroughan«^ 
' ccJ^.«yb.inanan.»micalbodycavl.yorspaceoron.cr.a.edsur^ca^ 

cayiryorspacma, b. dis«,d«. during *. procedure using a fhtid or may be n««^ 

irop.nl--on.icals.rucn«s. T,« ^cal site may -^^^-^TZ^^ 
ofcolctiveauid^^h as saline solution to M and distend the cavtty ^^^^ 

30 may tndud. sinntiun»us vi«.ing of*, sit. v« an endoscope o, usmg an mdrr^ 
\asuaUsaiion means. 



RECnFlED SHEET (RULE 91) 
ISA/EP 



wo 97/24994 PCT/GB97AI00M _ 

S 

In a preferred embodimem, a plurality of separate, individual fiiamenis consutute the 
fuamemary members. Advantageously, the filaments each have a length lying wiinin the 
range of nx)m 0.5 mm to 5 mm. in which case the instrument is iised for tissue removal by 
vaporisaiioa Preferably, the filaments each have a diameter lying within the range of from 
5 0 05 mm to 0.3 mm. 

Alternatively, a single coiled filament constitutes the filamentary members, the coils of the 
filament constituting the filamentary members. 

1 0 Preferably, the filamentary members extend longitudinally firom the extreme distal end of 
the instrument. .Alternatively, the filamemaiy raenmers extend laterally through a cut-out 
formed in a side surface of the insulation member adjacent to the distal end thereof 
Conveniently, the return electrode is formed whh a hood-like extension which extends over 
the surfece of the insulation member which is opposite the cut-out. 

15 

In another preferred embodiment, the filamentary members are mounted within the 
insulation member in such a maimer that they are axially movable relative to the insulation 
member between a first operating position, in which they extend partially from the 
insulation member, and a second operating position, in which they extend fiilly from the 
20 insulation member. In this case, the instrument can be used for tissue removal by 
vaporisation when the filaments are in the first operating position, and for desiccauon when 
the filaments are in the second operating position. 

Advantageously, the common electrical supply conduttor is a central conductor, the 
25 insulation member surrounding the central conduaor. 

The fiiameraary members may be made from a precious metal such as platinum or from a 
platinum alloy such as plaunumnridium, pUtinum/nmgsien or plaiinum/cobalt. The 
aamematy members could also be made of mngsten. The insulation member may be made 
30 of a^ ceramic maxeriaL silicone rubber or glass. 
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Where the fiiameniary members are separate individual filaments, they may each have a 
length lying within the range of from 5 mm to 1 0 mm. In this case, they may be made of 
stainless steeL 

5 In yet another preferred embodiment, the insulation member is formed with at least one 
wing, the or each wing extending distaily from the insulation member to project beyond 
the tissue treatment electrode. Preferably, the insulation member is formed with a pair of 
diametrically-opposed wings. 

10 The invention also provides an electrode unit for an electrosurgical instniment for the 
treatment of tissue in the presence of an electrically-conductive fluid mediumu the electrode 
unit comprising a shaft having at one end means for connection to an instrument handpiece, 
and, mounted on the other end of the shaft an electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated firom the tissue 
1 5 treatment dectrode by means of an insulation member, the tissue treamicnt electrode being 
exposed at the distal end portion of the instrument, and the remm electrode having a fluid 
comaa surface spaced proximally from the exposed end of the tissue treatment electrode 
by the insulation member, wherein the exposed end of the tissue treatment electrode is 
constiniied by a phirality of tissue treatment filamentary members made of an electrically- 
20 conductive material, the filamentary members being electrically connected to a common 
electrical supply conductor. 

The invention fiinher provides elearosurgical apparatus comprising a radio firequcncy 
generator and an electrosurgical mstnimem for the treatment of tissue in the presence of 

25 an electrically-conductive fluid medium, the instrument compriang an instrument shaft, and 
an electrode assembly at one end of the shaft the electrode assembly comprising a tissue 
treatment electrode and a return elecu-ode which is electrically insulated from the tissue 
treatment elecffode by means of an insulation member, the tissue treatment electrode bang 
exposed at the distal end portion of the instrument, the return electrode having a fluid 

30 contact surfece spaced proximally from the exposed end of the tissue treatment electrode 
by the insulation member, and the radio frequency generator having a bipolar output 
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connected to the electrodes, wherein the exposed end of the tissue treatment electrode is 
constituted by a piuraiity of tissue treatment filamentary members made of an eiectncaily- 
conductive matenal. the filamentary members being eiectricaliy connected to tne radio 
frequency generator by a common eiectnc suppiy conductor. 

5 

Advantageously, the radio frequency generator includes comrol means for vamng the 
output power delivered to the electrodes, the control means being such as to provide 
output power in first and second output ranges, the first output range being for powering 
the eiectrosurgical instrument for tissue dessication, and the second output range being for 
1 0 powering the elecirosurgicai instrument for tissue removal by vaporisation Preferably, the 
first output range is from about 1 50 volts to 200 volts, and the second output range is from 
about 250 volts to 600 volts, the voltage being peak voltages. 

The invention will now be described in greater detaiL by way of example with reference 
1 5 to the drawings, in which:- 

Figure 1 is a diagrammatic side elevation of an electrode assembly at a distal end of a first 
form of elearode unit constructed in accordance with the invention; 

20 Figure 2 is a graph illustrating the hvsteresis which exists between the use of the electrode 
unit of Figure I in desiccating and vaporising modes; 

Figure 3a is a diagrammatic side elevation of the first electrode umt, showing the use of 
such a unit for tissue removal by vaporisation; 



25 



Figure 3 b is a diagrammatic 
such a unit for tissue desiccanon; 



side elevation of the first elearode unit, showing the use of 



Figures 4a to 4c are diagrammatic side elevations of the electrode assembly of a second 
30 form of electrode unit constructed in accordance with the mvennon; 
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Fieures 5a and 5b are diagraminauc side elevations of the electrode assoi^ly of a third 
form of electrode unit constructed in accordance with the invention; 

Fieures 6a and 6b are diagrammatic side elevations of the electrode assembly of a fourth 
5 form of electrode unit constructed in accordance with the invention; 

Figures 7a and 7b are diagrammatic side elevations of a fifth form of electrode unit 
constructed in accordance with the invention; 

10 Fiinire S is a diagrammatic side elevation of a sixth form of electrode unit constructed in 
accordance with the invention; 

Figure 9 is a cross-section taken on the line A-A of Figure 8; 

1 5 Figure 10 is a diagranunaciic ade devation of a seventh form of electrode unit constructed 
in accordance with the invention; 

Figures lla to lid are diagrammatic side elevations of further forms of electrode unit 
constructed in accordance with the invention; and 

20 

Figure 12 is a diagram showing an electrosurgical apparatus constructed in accordance 
with the invention. 

Each of the electrode units described below is mtended to be used with a conductive 
25 distension medium such as nonnal saline, and each unit has a dual-electrode sinicture. with 
the conductive medium acting as a conductor between the tissue being treated and one of 
the electrodes, hereinafter called the return electrode. The other electrode is applied 
directly to the tissue, and is hereinafter caUed the tissue treatment (active) electrode. In 
many cases, the use of a liquid distension medham is preferable, as it prevents excessive 
30 electrode temperanires in most circumstances, and largely ehminates tissue sticking. 
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RrfHTing to the drawings. Figure 12 shows electrosurgicai apparatus including a 
generator I having an output socket 2 providing a radio frequency (RF) output for an 
instrument m the form of a handpiece 3 via a connection cord 4 Activation of the 
generator 1 may be performed from the handpiece 3 via a control connection in the cord 
5 4. or by means of a fooiswitch unit 5. as shown, connected separately to the rear of the 
generator 1 by a footswiich connection cord 6. In the illustrated embodiment, the 
footswitch unit 5 has two footswitches 5a and 5b for selecting a desiccation mode and a 
vaporisation mode of the generator 1 respectively. The generator front panel has push 
buttons 7a and 7b for respectively setting desiccation and vaporisation power levels, which 
10 are indicated in a display 8. Push buttons 9a are provided as an alternative means for 
selection between the desiccation and vaporisation modes. 

The handpiece 3 mounts a detachable elearode unit E, such as the electrode units El to 
El 1 to be described below. 

15 

Figure I shows the first form of electrode unit El for detachable fastening to the 
electrosurgicai instrument handpiece 3. the electrode unit comprising a shaft 10, which is 
constituted by a semi-flexible tube made of stainless steel or phynox electroplated in 
copper or gold, with an electrode assembly 12 at a distal end thereof At the other end 
20 (not shown) of the shaft 10. means are provided for connecting the electrode unit El to 
a handpiece both mechanically and electrically. 

The RP generator I (not shown in Figure I) delivers an electro-surgical currcm to the 
electrode assembly 12. The generator inchides means for varying the deUvered output 
25 power to suit differem elearosurgical requirements. The generator may be as described 
in the specification of our co-pending British Patent Application 9512888.0 

The electrode assembly 1 2 includes a central tissue treannem ( active) electrode 14 in the 
fomx of a brush electrode. The acrive electrode 14 is com»ected to the generator I via an 
30 mteeral cemral conduaor 14a and a central copper conductor (not shown) positioned 
witWnthehandpieceoftheinsnument. The brush electrode 14 is constituted by a phiratity 
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of filaments of rungstea the filaments having diameters lying in the range from 0.05mm to 
0.3mm. A tapered ceramic insulation sleeve 16 surrounds the conductor 14a. A return 
electrode 18. which is constituted by the distal end ponion of the shaft 10. abuts the 
proximal end of the sleeve 1 6. An outer insulating coating 20 surrounds the proximal 
5 ponion of the shaft adjacent to the return electrode 18. The coating 20 would be 
poiyvinyiidene fluoride, a polyimide, polytetrafiioroethylene. a polyoiefin. a polyester or 
ethylene tetrafiuoroethyiene. 

By varying the output of the generator U the electrode unit El of Figure 1 can be used for 
10 tissue removal by vaporisation, or for desiccaiion. Figure 2 illustrates how the RF 
generator 1 can be controlled to take advantage of the hysteresis which exists between the 
desiccation and the vaporising modes of the electrode unit El. Thus, assuming the 
dearode assembly 1 2 of the unit El is immersed in a conducdve medium such as saline, 
there is an imiial impedance "r" at point "O", the m^nitude of which is defined by the 
1 5 geometry of the electrode assembly and the electrical conductivity of the fluid medhim. 
The value of "r" will change when the active electrode 14 contacts tissue, the higher the 
value of "r- the greater the propensity of the electrode assembly 12 to enter the 
vaporisation mode. When RF power is applied to the electrode assembly 12 the fluid 
medium heats up. Assuming the fluid medium is normal saline (0.9% w/v), the 
20 temperature coefficient of the fluid medium is positive, so that the corresponding 
impedance coefficient is negative Thus, as power is applied, the impedance initially falls 
and continues to fall with increasing power to point "B", at which point the saline in 
intimate contact with the elearode assembly 12 reaches boiling point. Small vapour 
bubbles form on the surface of the active electrode 14 and the impedance then starts to 
25 rise. After point "B", as power is increased further, the positive power coeflfidem of 
impedance is dominant, so that increasing power now brings about increasing impedance. 

As a vapour pocket forms from the vapour bubbles, there is an increase in the power 
density at the residual elearode/saiine interfece. There is, however, an exposed area of the 
30 active decirode 14 not covered by vapour bubbles, and this further stresses the interfece, 
producing more vapour bubbles and thus even higher power density. TWs is a run-away 
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condition, with an equiiibrium point only occurring once the electrode is completciy 
enveloped in vapour. For given set of variables, there is a povi^er threshold before this new 
equiiibnum can be reached (point "C"). 

5 The region of the graph between the points "B" and "C". therefore, represents the upper 
limit of the desiccation mode. Once in the vaporisation equilibrium state, the impedance 
rapidly increases to around 1000 ohms, with the absolute value dependii^ on the system 
variables. The vapour pocket is then sustained by discharces across the vapour pocket 
between the active electrode 14 and the vapour/saline interface. The majority of power 
1 0 dissipation occurs within this pocket, with consequent heating of the active electrode 14. 
The amount of energy dissipation, and the size of the pocket, depends on the output 
voltage. If this is too low. the pocket will not be sustained, and if it is too hi^ the 
electrode assembly 12 will be destroyed. Thus, in order to prevem destruction of the 
electrode assembly 12, the power output of the generator 1 must be reduced once the 
1 5 impedance has readied the point "D". It should be noted that, if the power is not reduced 
at this point, the power/impedance curve will continue to climb and electrode destruction 
would occur. The dotted line E indicates the power level above which electrode 
desmiciion is inevitable. As the power is reduced, the impedance falls until, at point "A", 
the vapour pocket collapses and the decorode assembly 12 reverts to the desiccation mode. 
20 At this point, power dissipation within the vapour pocket is insufBcient to sustain it. so that 
direct contact between the active electrode 14 and the saline is re-established, and the 
impedance fells dramaticaUy. The power density at the active electrode 14 also falls, so 
that the temperature of the saline falls bdow boiling point. The electrode assembly 12 is 
then in a staUe desiccation mode. With the generator described in the specification of our 
25 co-pending British patent application 9604770.9, the output is 350 to 550 volts peak for 
the vaporisation mode, and about 1 70 volts peak for the desiccation mode. 

It wiU be apparent that the electrode unit El of Figure I can be used for desiccation by 
operating the unit in the region of the graph between the point "0" and a point in the region 
30 between the points "B" and "C" In this case, the electrode assembly 12 would be 
introduced into a seleoed operation site with the aaive electrode 14 adjacent to the tissue 
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to be treated, and with the tissue, the active eiectrode and the return electrode 18 
immersed in the saline. The RF generator 1 would then be activated (and cyclically 
controlled as described in the specitlcaiion of our co-pending British patent application 
9604T70.9) to supply sufindent power to the elearode assemby 12 to maintain the saline 
5 adjacent to the aaive electrode 14 at. or just below, its boibng point without creating a 
vapour pocket surrounding the active tip. The electrode assembly would then be 
manipulated to cause heating and dessication of the tissue in a required region adjacent to 
the active elecu-ode 14 The electrode unit El can be used for vaporisation in the region 
of the graph between the point "D" and the dotted line F which constitutes the level below 
10 whidi vaporisation cannot occur. The upper part of this curve is used for tissue removal 
by vapoiisation. It should also be appreciated that the electrode unit El could be used for 
cutting tissue. In the cutting mode, the electrode unit El still operates with a vapour 
pocket, but this podcet is much smaller than that used for vaporisation, so that there is the 
least amount of tissue damage commensurate with cutting. Typically, the generator 
I S operates at ^ut 270 volts peak for cutting. 

The temperature generated at the active electrode 14 is of the order of 1 500'C in the 
vaporisation mode, so that the active dcctrode is made of a material that can withstand 
such high temperatures. Preferably, the active electrode 14 is made of tungsten, plaiimim 
20 or a platinum alloy (such as platinum/iridium or platinum/tungsten). 

Figure 3a illustrates schematically the use of the dectrode unit El of Figure 1 for tissue 
removal by vaporisation. Thus, the elearode unit El creates a suffidently high energy 
density ai the active dectrode 14 to vaporise tissue 22, and to create a vapour pocket 24 
25 sunounding the active deatode. The formation of the vapour pocket 24 creates about a 
1 0-fold increase in coraaa impedance, with a consequent increase in output voltage. Arcs 
26 are created in the vapour pocket 24 to complete the circuit to the return dectrode 18. 
Tissue 22 which contacts the vapour pocket 24 wUl represent a path of least electricd 
resisumce to complete the circuit. The doser the tissue 22 comes to the active dectrode 
30 1 4, the more energy is concentrated to the tissue, to the extern that the cdls explode as 
they are stxudc by the arcs 26. because the return path through the conducti%'e fluid fsaline 
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in this case) is blocked by the high impedance barrier of the vapour pocket 24. The saline 
solution also acts to dissolve the solid products of vaporisation. 

Figure 3b illustrates schematically the use of the electrode unit El for tissue desiccation. 
5 In the desiccation mode, output power is delivered to the electrode assembly 1 2 in a first 
output range, so that current flows from the active electrode 14 to become heated, 
preferably to a point at or near the boiling point of the saline solution. This creates smaU 
vapour bubbles on the surrace of the active electrode 14 that increases the impedance 
about the active electrode. 

10 

The body tissue 22 typically has a lower impedance than the impedance of the comfamanon 
of vapour bubbles and saline solution adjacent to the active electrode 1 4 When the acnve 
electrode 14 surrounded by small vapour bubbles and saline solution is brought into 
contact with the tissue 22, the tissue becomes pan of the preferred electrical currem path. 
15 Accordingly, the preferred current path goes out ofthe active electrode 14 at the poim of 
tissue comact through the tissue 2i and then back to the return dectrodc 1 8 via the saBi^ 

solution, as shown by the current path lines 28 in Figure 3b. 

The invention has panicular appUcation in dessicating tissue. For tissue desiccating, one 
20 preferred approach is to contact only pan ofthe active electrode 14 to the tissue 22. with 

the remainder of the active electrode remaining remote from the tissue and surrounded by 
saline solution, so that current can pass from the active electrode to the retuni electrode 
18 via the saline solution, without passing through the tissue. For example, in the 
embodiment shov^ in in Figure 3b. only the distal ponion of the active electrode 14 
25 contacts the tissue 22. with the proximal ponion remaining spaced away from the tissue. 

The invemion can achieve desioaiion with no or minimal charring of the tissue 22. When 
the active electrode 1 4 contaas the tissue 22. currem passes through the tissue, causing 
the tissue at. and around, the contact point to desiccate. The area and volume of 
30 desiccated ussue 30 expands generally radially outwardly from the point of contact. As 
the tissue 22 is desiccated, it loses its conductivity. As the area and volume of desiccated 
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„«ue 30 a pom, ,s reacheo where the conducuvy of .he ussue » less U«n the 

conductivity of the hotted saline solution sum,undin, the acfve electrode 14 

™ecu,rent<.llpr=fertofoUow,he.east.in,pedanc.path. Accordingly. as *e itn^ 
S of the ttssue 22 increases, due to desiccation) to a point v^ere it approacnes or 

U,e impedance of the comblnatton of vapour hubbies atd salin. solu=on »tnound». ^ 

iLllectrode U, the preferred electrical current path wi« shift «> • ne» ^ ^ 
O^vapourbuhblesandsalinesoh^oa Accordingiy. once a iarg. enou^ P- on of 

most (or substant^ly all) the current flow necessarily s«ls to pas. ^ 
,0 l,heacdv.elec,rode,4,ntothes*esohnio..Be««-...is-^b.com^ 

!l,*e...heincre.s«iimpedanceofthedesiccatedtis««30causeamos.of«>e^^ 

"ruow the path through the salme soluuon No current, or a very s,»H ar^f 
llv.llcoLe.op.ss.hroughthedesicca.ed.issue.andch»^^ 

,5 ,n the embodhnen. shown in Bgure 3b. the exposed, stranded ^^^^^^ 
^e ,4 auows parts Of th. active electrode to contact the ..^^ 

^.mos.of.heactiv.e.ec.ro.ee^P^^-^^^^^^ 

Hetr rrrreT:: ::r:=cat.on Of a suf,^ 

electrode to the saiine solution. 

th^flejcajilitv of the brush electrode 
• c t i« in the deaccauon mode, the nejooiuvy 
WhenthedectroaeumtElisintheOesiccaii „ ^:,„«« electrodes in irregular 

ut when worldng with smaUdianwiereieciroao 

14 oficrs considerable advantages when wornns . . prom a technical 

. hod,cavi.i.a.nwHch...e.reaa^^^— . 

sundpoim.therenm:activ-er«K.uvanableftom>l l»>«» ,..-„ ^„ detail 
Cye^- form. This vari-^lity of the ren^t-active ratio » explatned u„re»er 
bdow with reference to Figures 4a to 4c. 

• . nf electrode unit E2 whose electrode assembly 32 includes 

30 ^^-'^^--^-^-^-^^'"^^.tvTpluraUtvofffi^^^ 
an active electrode 34 whicn is constmited by a piumu . 
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materiai such as stainless steel. The fiiaments of the brush eiectrode 34 are much longer 
(lOmm as compared with 5mm) than the filaments of the brush electrode 14, as the 
electrode unit E2 is mtended primarily for desiccation. In this embodiment, the 
retumiactive ratio is variable from > 2:1 in the "closed" form to < 1:1 in the "splayed" 
5 form. The electrode assembly 32 also includes a ceramic insulation sleeve 36. a return 
electrode 38 and an outer insulating sheath 40. The active electrode 34 is a brush 
electrode whose tip is flexible to provide a reproducible tissue eflFect which is substantially 
independent of the application angle of the electrode with respect to the surfece of the 
tissue T (see Figure 4c). Thus, the flexibility of the active electrode 34 results in 
10 differential contact areas of the active electrode dependent on the applied pressure. For 
example. Figure 4a shows the brush elearode 34 "closed" during the application of fight 
pressure, and Figure 4b shows the brush "splayed" by firm tissue pressure. This enables 
the creation of a broader surgical effect than the diameter of the electrode 34 would 
otherwise allow, thereby reducing treatment time. Figures 4a to 4c also show the return 
1 5 path P for the current flow ftx>m the active electrode 34 to the return electrode 38 via the 
conductive medium. 

This large variation in the retum:active ratio is a feature which cannot be supponed by 
conventional bipolar designs. This variation in ratio can occur because the conductive path 
20 to complete the electrical circuit is maintained by the low impedance of the eiectrode 
contaa with the conductive fluid operating medium. In order to sustain the low impedance 
transfer of RF encrey to the tissues, the RF generator must be controlled in such a v^y that 
vapour pockets cannot form at the interface between the active electrode and the tissue. 
This allows the tissue contaa to be continually wened by the conductive fluid so that, 
25 whilst the tissue water is removed by thermal desiccation, the impedance reaches an upper 
limit determined by a point just below a voltage threshold above which vapour pockets will 
start to fiorm. This, combined with the greater insulation separation between the active and 
return electrodes, enables thii type of electrode unit to deliver much higher powers 
effectively to the tissue for a given electrode dimension than any knov^ electrode unit. 

30 
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Figures 5a and 5b show the third form of electrode unit E3. This unit E3 is a modification 
of the electrode unit E2. and its electrode assembly 42 includes an active electrode 44 
which is constimted by plurality of filaments made of stainless steel. The aaive elearode 
44 is. therefore, a brush electrode and the filaments of this electrode are of a similar length 
5 to the filaments of the brush electrode 32. The electrode unit E3 is. therefore, intended 
primarily for desiccation. The electrode assembly 42 also includes a ceramic insulation 
sleeve 46, a return electrode 48 and an outer insulating sheath 50 The insulation sleeve 
46 is made of a ceramic material and. like the insulation sleeve 1 6 of the electrode unit El. 
it upers towards the distal end of the electrode assembly 42. Figure 5a shows the 
10 electrode unit E3 in a non-operationai position, and Figure 5b shows the unit in desiccating 
mode against tissue T 

Figures 6a and 6b show a founh form of electrode unit E4 whose electrode assembly 52 
i«iudes an extensible active electrode 54 in the form of a brush electrode. The filaments 
15 of the brush decirode 54 are made of tungsten, platimim, platinum/tungsten or 
platinum/indium. The electrode unit E4 also includes a ceramic insulation sleeve 56, a 
remm electrode 58. and an insulating sheath 60. As shown in Figure 6a, the active 
elearode 54 can be withdrawn subsiantiaUy within the insulation sleeve 56 so that only the 
free end portions of its filaments are exposed. With the active elecurode 54 in this position, 
20 the electrode unit E4 can be used to vaporise tissue in the manner described above with 
reference to Fieure 3. On the other hand, if the active electrode 54 is extended (see Figure 
6b), so that its filaments extend fiilly from the distal end of the sleeve 56, the electrode umt 
EA can be used for desiccation. The ratio of the comaa areas of the return to acuve 
electrodes of the unit E4 can, therefore, be varied between the fiaiy retraaed active 
25 electrode position (in which the ratio is high and the unit is used for vaporisation), and the 
extended posinon (in which the ratio is low and the unit is used for desiccation). The umt 
E4 achieves its dual fimcuonaiity by varying the extent by which the filaments of the acave 
electrode 54 are extended. Dual fimctionaUty could also be achieved by varying a»^ 

separation between the active electrode 54 and the return electrode 58 (for example by 
30 varyingthelengthoftheinsulationsieeve56). With a large extension of the filaments of 
the active electrode 54 or with a large axial electrode separation, a large electnc field is 
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created, so that more tissue is affected. With no extension of the filaments of the aaivc 
eiearode 54 or with a reduced electrode separation, a smaller electric field is produced, 
and is used for cutting or vaporisation in circumstances where no collateral thermal 
damage to tissue is desirable. The larger electric field pattern is desirable for desiccation. 
5 or in circumstances where the desiccation of collateral tissue is desirable lo prevent 
haemorrhage from a cut surface. 

Dependii^ upon the rario of the retum:active electrode area, therefore, the brush electrode 
of the invention can have a dessication function (as exemplified by the embodiments of 
10 Figures 4 and 5). a vaporisation function (as exemplified by the embodiment of Figure 3), 
or a dual desiccation/ vaporisation fimction (as exemplified by the embodiment of Figure 

6). 

As indicated above, the primary use for the defecating brush is in providing a flexibie, 
1 5 broad area electrode for desiccating large irregular areas of tissue. The reqxiircmcnt to 
treat sudt areas occurs in hysteroscopic sux^ery - desiccation of the endometrial lining of 
the uterus, and in urological surgery - desiccation and shrink^e of bladder divenicular. 
In both instances, the electrode is introduced through the working channel of the 
endoscope. 

20 

Introduction of the desiccating brush with a long and flexible, filamentary structure can 
prove problematical when the working channel of the endoscope is angled or includes steps 
in the inner bore. This can deform the brush filaments wtech, once insened. cannot be 
adjusted and may not conform to the area of tissue to be treated. Bending back of the 
25 fdaments may also inadvertently create an electrical short to the return electrode. 

Whilst preserving the desired functions of flexibility and contact area geometry dependent 
on the pressure of appUcation. the basic desiccating brush can be modified to overcome 
this problem. For example, the brush filaments can be simply twisted together. Preferably, 
30 however, the filaments are welded together at their distal ends as shown in Figure 7 which 
shows a fiffli form of electrode unit E5. The electrode unit E5 includes an active electrode 
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64 in the fonn of a brush elecirode whose filaments are made of platinum, 
platinum/tungsten or platinum/iridium The distal ends 64a of the filaments are welded 
together as shown in Figure 7a. This prevents distonion of the filaments in the working 
channel of an endoscope, whilst perraiuing bowing of the filaments (as shown in Figure 7b) 
5 to increase tissue comaa area. The elecirode unit E5 includes a ceramic insulation sleeve 
66. a return electrode 68 and an outer insulating sleeve 70. 

In the dual function brush electrode, the retumraciive electrode area can be elevated to a 
level which is capable of producing tissue vaporisation. Obviously, with a very small active 
10 electrode area at the extreme of this range, the amount of tissue which can be desiccated 
becomes too smaU to be practically usenil. If. however, the ratio is configured in the mid- 
range, then the same electrode can be used to produce both effective desiccation and tissue 
removal by vaporisation. The shon brush described in Figure 1 is one example of such a 
dual purpose elearode. Given that the filaments cannot be fabricated in stainless steel to 
1 5 support vaporisation, tungsten filaments are the preferred material in the short brush due 
to their nudity overcoming the issues of distortion during introduction. Platinum alloys 
withstand the high vaporisation temperatures better than tungsten but, due to their 
fiexibility and the annealing process during use, cannot be used in the short brush form 
Platinum alloy dual-funoion brush-type electrodes, therefore, require the modifications of 
20 twisting, braiding, or welding of the distal tips to prevent distortion. 

These combined multi-fimctional brush electrode forms are particularly usefiil iii removing 
tumour masses or polyps encountered during hysteroscopic and urological surgery. They 

can vaporise the tumour bulk, incise the stalks of polyps, and desiccate any bleeding 
25 vessels or the base ofthe tumour without the need to change electrodes. 

m these multi-fimctional forms, the active electrode area is maximised for desiccation 
whilst still being capable of vaporisation or cutting fimctions. The minimum ratio depends 
on four important critera. namely. 

30 

1 The intrinsic impedance of the target tissue. 
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2. The voiume of the body cavity. 

3 The configuration of the active elearode. 

4 The maximum output power from the RF generator. 

5 The configuration of the active electrode obviously influences the ratio, with cylindrical 
forms representing the lowest ratio for a given length, but the other factors relate to the 
inabiUty of the electrode to retain a vapour bubble. The filaments of the brush-type 
electrodes retain vapour bubbles, which helps maintain the vaporisation condition. 

10 An arthroscope elearode may be characterised as short (1 00-1 40mm), rigid with a 
working diameter up to 4mm. It can be introduced through a stab incision into a joim 
cavity (with or without a cannula) using the trianguiation technique. When an anhroscope 
includes a brush electrode of the type described above, it is operated with a motion which 
commonly moves the brush electrode between the 9 o'clock and 3 o'clock positions on the 
1 5 arthroscopic image. As a result, the tissue to be treated is commonly approached at a 
shaUow working angle with respect to the axis of the electrode. The electrode for 
aithoscopy thus needs to have an effect consistent with this angled approach to the tissue. 
The tissue to be treated, such as meniscal cartilage, is commonly dense and of a high 
electrical impedance, such tissue having a fi-ee edge representing a common injury site 
20 where treatment is required The drawback of known arthroscope elecu-odes which are 
solid form electrodes is that, because the joim spaces are commonly small (the joint spaces 
in the knee being typically 60-100 mis under fluid distension), the vapour bubbles 
generated are large and tend to cause problems with visuafisation. 

25 Figure 8 shows an arthroscope electrode unit E6 constmcted in accordance witii tiie 
invention. The elearode unit E6 includes an active elearode 74 which is constituted by 
a phirality of filaments made of tungsten or an alloy of tungsten or platinum. The acove 
(brush) electrode 74 is conneaed to an RF generator (not shown) via a central copper 
conduaor (also not shown). A ceramic insulation sleeve 76 surrounds the central 

30 conduaor, the filaments 74a of the bmsh elearode passing along the insulation sleeve and 
extending laterally therefrom tiirough a cut-out 76a. A return electrode 78. which is 
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consututed by the distal end of the mstmment shaft, surrounds the proximal end of the 
sleeve 76. An outer insulating coating 80 (which would be poiyvtnylidene fluoride, a 
poivimide, polytetrafluoroethylene. a polyolefin, a polyester or ethylene 
tet^afiuoroeihvlene) surrounds the proximal portion of the shaft adjacent to the return 
5 electrode 78 The return electrode 78 is formed with a hood-like extension 78a which 
extends over the surface of the sleeve 76 which is opposite to the cut-out 76a. The 
electrode unit E6 can. thus, provide maximum tissue engagemem for shaUow workmg 
angie appUcations. and is known as a side-effect electrode. 

,0 Became of the hieher impedance of the target tissue, the arthroscopic multi-ftmction brush 
electrode should suppon a lower ratio than elearodes designed for hysteroscopic ^ 
uroloeical applications where the tissue is more vascular. Reducing the rauo does^ 
howev'er. have one drawback in body cavities of small vohnne, such as the knee jomt wtad. 
is typically 60-80 mis. and that is heating of the surrounded irrigant or distension flmd. 
15 Heating occurs primarily during the application of power to reach the vapo.«ation 
^Id. Once the threshold has been reached, the power requirement typicaUy fato ^ 
30.500/, Reducing the electrode ratio increases the power requirement to reach the 
toeshold so that, despite the high impedance of the urget tissue, it is undesirable to reduce 
the ratio to the lowest value capable of supponing vaporisation. 

m addition, the hi.h impedance is due to lack of vascuianty of such tissues as memscal 
cartilage. Except, therefore, when muscle or synovial tissue is being treated, the pnmary 
function of the athroscopic brush electrode is that it should provide rapid debulking of 
dense, avascular tissue. Desiccate funcnonality is not a requiremem of such an instiumem. 
.5 indeed, verv short ridd brush elearodes with electrode ratios greater than 5,1 are 
desirable. TTie only reason for not elevating the ratio further is the need to engage the 
„„«imum amount of tissue and simultaneously reduce procedure tmie. 

A Short, rigid bn^sh electrode (Of the type described above with reference to Fi^^^ 
30 Figure 6a) can be thought of as an cnd-cfTcct ele«rode which has ussue debu^g 
or'ecision with minimal thermal spread. Consequently, u can be used to create aiscrete 
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holes in tissue, ihereby to create an access channel to tissue deep to the surface, as may be 
required as part of an interstitial ablation technique on a tissue mass such as a prostate 
adenoma or a uterine fibroid (myolysis). TWs use of a vaporising, end-effea, technique 
enables only the fibroid to be removed by complete debulking leaving a resection margin 
5 conforming to the "false capsule" of the fibroid. No normal tissue is removed and, due to 
control of collateral thermal effects at the endometrial reseaion mawfin, the scairii^ is 
reduced to a minimum, thereby increasing what chances there were of restoring ferttlhy. 
Additionally, of course, vaporisation does not produce resection chippings to imeifere with 
visualisation and prolong the procedure through the need to wash them out once the 
10 resection is completed. Conventional loop electrode resectoscopes require removal of 
normal tissue surrounding such fibroids, and this is disadvantageous because it increases 
the chance of bleeding, the risk of uterine perforation and the scarring of the uterus. This 
latter aspect is panicularly undesirable when the procedure is being performed in an 
attempt to restore fertility. 

15 

Alternatively, a short, rigid brush electrode can be used to debulk a tumour (such as a 
fibroid, a bladder tumour or a prostate adenoma), or it can be used with the multiple 
puncture or drilling technique. In this case, after removing the intrauterine portion, the 
imramurai portion can be treated by creating ("drilling") a scries of holes into the abnormal 
20 tissue whether, for example, this is a fibroid or prostatic adenoma. To assess the depth of 

penetration, marics may be provided on the electrode shaft at measured distances from the 
tip, and hence to compare the depth of penetration against the pre-operative results of tests 

performed to establish size of the tumour or adenoma. The residual tissue bridges wiU 
shrink as pan of the healing process. Whilst not removing the whole mmour. this 
25 technique is safer and quicker than removing the entire fibroid or prostatic adenoma, when 
treatmem is being performed either for menorri»agia or bladder outflow obstruction, 
respectivdy. 

Another problem with working in the confined space of a jomt cavity is in preventing 
30 damage to adjacem structures, panicularly when the vaporising effisa is enhanced, and 
both the tissue density and apphcanon angle make engagement and location difiBcuit. This 
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protecuon feature is intrinsic in the side-effea brush of Figure 8. when the insuiauon sieeve 
76 protects tissue above, below and behind the active electrode window 76a which only 
occupies a small arc of the cross-sectional form (as shown in Figure 9). 

5 Fimire 10 shows the electrode assembly of the seventh form of electrode unit E7. This 
electrode assembly indudes a central, tissue treatment (active) electrode constituted by a 
plurality of filaments made of tungsten or an alloy of tungsten or platinum, a tapered 
ceramic insulation sleeve 86, a return electrode 88, and an outer insulating sleeve 90. The 
insulation sleeve 86 is formed with a pair of diametrically-opposed, forwardly-extending 
10 wings 86a which project beyond the active electrode 84. The filaments constimting the 
active electrode 86 extend only a shon distance firom the distal end of the insulation sieeve 
86, thereby constituting a very shon brush electrode. The electrode unit E7 has. therefore, 
a large renim:active electrode ratio, so that this electrode unit is intended primarily for a 
tissue removal by vaporisation. The electrode unit E7 is particularly usefiil for 
1 5 electrosurgical operations on meniscal cartilage or any other elongate laminate strocture 
which is to be treated from the side, as the wings 86a can be used to trap the cartilage 
against the active electrode 84 The configuration of the wings 86a also assistt in 
preventing unnecessary exposure of the aaive electrode 84, which may otherwise damage 
adjacent structures when working in the confined spaces commonly encoumered in 
20 endoscopic surgery 

Figures 11 a to 11 d show eighth, ninth, tenth and eleventh forms of electrode unit E8 to 
Ell, each of which incorporates an active electrode in the form of a coiled spring filament 
94. The electrode units E8 to El 1 each inchides an insulation sleeve 96, a remra electrode 
25 98 and an insulating sheath 100. The electrode unit E8 of Figure 1 la is similar to that of 
Figure 5a, being intended primarily for desiccation: and the electrode unit E9 of Figure 1 lb 
is'similar to thai of Figure I. being imended primarily for vaporisation. The electrode unit 
ElO of Figure I Ic is similar to that of Figures 8 and 9, in that the coil electrode 94 is 
formed in a cut-out 96a formed in the side of the insulation sleeve 96. and the renim 
30 dectrode 98 is formed vnth a hood-like extension 98a which extends over the surfiice of 
the sleeve 96 which is opposite to the cut-out 96a. The electrode unit ElO can. thus. 
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provide maximum tissue engagement for shallow working angie applications, and is 
another form of side-effect electrode. The electrode unit El 1 of Figure 1 Id is similar to 
that of Figure 10. in that the insulation sleeve 96 is formed with a pair of diametrically- 
opposed., forwardly-extending wings 96b. In each of these embodiments, the active 
5 electrode 94 is made of an alloy of platinum. 

The clecirode units E8 to El 1 are stnuiar to the brush-type electrodes of Figures 1 to 10, 
and have simiiar surgical effects, apart fit>m the fact that they eliminate the risk of splaying 
(which is advantageous in certain electro-surgical procedures). They have, however, the 
10 advantage of simplirying the assembly procedure, particulariy when using plattniun alloy 
materials. 

It will be apparent that modification could be made to the electrosurgicai instruments 
described above. For example, the insulation sleeves 16, 36, 46, 56, 66, 76, 86 and 96 
1 5 could be made of a silicone rubber (such as a rilicone polyurethene), glass, a polyimide or 
a thermoplastics material. 
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CLAIMS 

i An electrosurgicai instramem for the ireaimem of tissue in the presence of an 
electrically-conductive fiuid medium, the instrument comprising an instrument shaft and 
5 an electrode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment electrode being 
exposed at the distal end pomon of the instrument, and the return electrode having a fluid 
comaa surface spaced proximaUy from the exposed end of the tissue treatment electrode 
10 by the insulation member, wherein the exposed end of the tissue treatment electrode is 
constimted bv a piuraUty of tissue treatment filamentary members made of an eleciricaUy- 
conductive matenaU the fuamentary members bemg electrically connected to a common 
elecihcal supply conductor. 

15 2. An dectrosurgicalinstnimem as claimed in claim 1, wherein a plurality o^ 
individual fUamems constitute the filamemary members. 

3. An electrosurgicai instmment as claimed in claim 2. wherein the filaments each 
have a length lying within the range of from 0. 5 mm to 5 mm. 

4 An electrosurgicai instrument as claimed in claim 2 or claim 5. wherein the 
filaments each have a diameter lying within the range of from 0.05 mm to 0.3 mm. 

5 An dectrosuraicalinstxumem as claimed in claim Uwbenan a single c^^^ 

25 constimtes the filamentary members, the coils of the filament constimting the filamemary 
members. 

6 An electrosur«cal instrument as claimed in any one of claims I to 5, wherein the 
filamentary members extend longitudinally from the extreme distal end of the insnument. 

30 
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- ^„cle«rosur«calinstmmem as claimed in any one of claims I to 5. wherein the 
nlamenrary members extend laterally through a cut-out formed in a side surface of the 
insulation member adiacem to the distal end thereof 

<; 8 An electrosureicalinstnamem as claimed in claim 7. wherein the return electrode 
" is formed with a hood-like extension which extends over the surface of the insulation 
member which is opposite the cut-out. 

9 An electrosur^cal instmmem as claimed in any one of claims I to 6. wherein the 
10 filamemaiy members are mounted wuhm the insulation member in such a manner that they 
are axialW movable relative to the msulation member between a first operating posmon. 
in which they extend paniaily from the msulat,on member, and a second operating positton. 
in which they extend fully from the insulation member. 
15 10 Andectrosurgicalinstrumemasdaimedinanyoneofdaimsltoo^whet^ntte 
i«ulation member is formed with at least one wing, the or each wing extending dtstally 
from the insulation member to project beyond the tissue treaxmem electrode. 

11. An electrosurgical instrumem as claimed in claim 10. wherem the msulation 
20 member is formed with a pair of diametrially-opposed wings. 

12 Andectrosuroicalinstrumemasclaimedinanyoneofclaims 1 to U, wherem the 
_ electrical ;upply conductor is a central conductor, the tnsulation member 
surrounding the central conductor. 



Stoenu^ m«nbers are nude of a precious such « planmm. 

,4 An eie^rosurdcai iosmuncn, as daimcd in «>y one of c.ain» . .o .2. 
,0 m»n.nt.,v membc. are made of a pUunun, aitoy ^ch as 
platinum/tungsten or platinum/cobah. 
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15. An elearosurgical insirumeni as ciaimed in any one of claims 1 to 1 2. wherein the 
filamentary menrijers are made of tungsten. 

16. An elearosurgical instrument as claimed in claim 2. wherein the filaments each 
5 have a length lying within the range of from 5mm to 10mm. 

17. An eiectrosurgical instrument as claimed in claim 16. wherein the filaments are 
made of stainless steel. 

10 18. An dectrosurgicai insimmem as claimed in any one of claims 1 to 1 7. wherein the 
insulation member is made of a ceramic material. 

19. An elearosurgical instniment as claimed in any one of claims I to 1 7. wherein the 
insulation member is made of silicone rubber. 

20. An deorode unit for an dectrosurgicai instrument for the treatment of tissue m the 
presence of an dearically-conductive fluid medium, the dectrode unit comprising a shaft 
having at one end means for comiection to an insirumem handpiece, and, mounted on the 
other end of the shaft, an electrode assembly comprising a tissue treatmem dectrode and 

20 a return eleorode which is electrically insulated from the tissue treatment electrode by 
means of an insulation member, the tissue treatmem electrode being exposed at the distal 
end portion of the instrument, and the renim electrode having a fluid contact surfece 
spaced proximaUv from the exposed end of the tissue treatment dearode by the insulation 
member, wherdn the exposed end of the tissue treatment dearode is constituted by a 

25 pluraUtv of tissue treatment filamentary members made of an dectrically-conductrve 
material the filamentary members being dearicaUy conneaed to a common deoncal 
supply conductor. 

21. Elearosurgical apparatus comprising a radio frequency generator and an 
30 elearosurgical instrument for the treatment of tissue in the pressure of an elearicaily- 



REC T I FI ED SHEET (RULE 91) 
ISA/EP 



wo 97/24994 PCnGB97/0006(S - 

30 

assembly at one end of ihe shaft, the electrode assembly comprising a tissue ireatmem 
elearode and a rettim electrode which is electrically insulated from the tissue treatment 
electrode by means of an insulation member, the tissue treatment electrode being exposed 
at the distal end portion of the instrument, the return electrode having a fluid contact 

5 surface spaced proximally from the exposed end of the tissue treatment elearode by the 
insulation member, and the radio frequency generator having a bipolar output connected 
to the dectrodes, wherein the exposed end of the tissue treatment electrode is consthuted 
by a plurality of tissue treatment filamentary members made of an electricaUy-conductive 
material, the filamentary members being electrically connected to the radio frequency 

1 0 eenerator by a common electric supply conductor. 

22. Apparams as claimed in claim 2 1 . wherein the radio frequency generator includes 
control means for varying the output power delivered to the electrodes. 

15 23. Apparatus as dairoed in claim 22, wherein the control means is such as to provide 
output power in first and second output ranges, the first output range being for powering 
the dectrosurgical insmmiem for tissue dessication, and the second output range being for 
powering the electrosurgical instrument for tissue removal by vaporisation. 

20 24 Apparams as claimed in claim 23. wherein the first output range is from about 150 
volts to 200 volts, and the second output range is from about 250 volts to 600 volts, the 
voltage being peak volt^es. 
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